It is thought that at least some of the initial specification of the five somatic founder cells of the C. elegans embryo occurs cellautonomously through the segregation of factors during cell divisions. It has been suggested that in embryos from mothers homozygous for mutations in the maternal-effect gene mex-I, four blastomeres of the 8-cell embryo adopt the fate of the MS blastomere. It was proposed that mex-1 functions to localise or regulate factors that determine the fate of this blastomere. Here, a detailed cell lineage analysis of 9 mex-I mutants reveals that the fates of all somatic founder cells are affected by mutations in this gene. We propose that mex-1, like the par genes, is involved in establishing the initial polarity of the embryo.
Introduction
The body of the nematode C. elegans is assembled by a stereotype lineage. During the first four division rounds of the fertilised zygote, the stem-cell-like P cells (PO-P& undergo asymmetric divisions to produce five somatic founder cells: AB produces hypodermis, nerves and pharynx, MS produces pharynx and body wall muscle, E is the only precursor of intestine, C gives rise to body wall muscle and hypodermis, and D produces only muscle. The last P cell, P4, is the precursor of the germ line (Fig.  1) .
The general notion used to be that nematodes develop strictly cell-autonomously using determinants for the specification of cells and tissues (zur Strassen, 1959; Kenyon, 1985) . Recent evidence showed that the specification of the AB lineage depends on at least five inductions Schnabel, 1994, 1995a,b; Mango et al., 1994; Mello et al., 1994; Moskowitz et al., 1994 ). In contrast, there is experimental evidence that the posterior, P,-derived somatic founder cells express their tissues in isolation from the remainder of the embryo. It was also observed that the potential to form hypodermis, muscle and intestine is segregated from the zygote PO into the founder cells (Laufer et al., 1980; Cowan and McIntosh, 1985;  * Corresponding author. Edgar and McGhee, 1986; Schierenberg, 1987; Bowerman et al., 1992; Mello et al., 1992) . These findings are consistent with the notion that the posterior founder cells are specified cell-autonomously, however it was shown recently that cell-cell interactions occur also during the specification of these posterior founder cells. The specification of intestine in the E lineage depends on a cell-cell interaction required to polarise the EMS blastomere (Schierenberg, 1987; Goldstein, 1992; Goldstein, 1995) . Concerning the cell-autonomous potential of the MS and D lineages to produce body wall muscle it was shown that a network of inhibitory and counter inhibitory inductions modulates the potential to form muscle within the embryonic context. When the single blastomeres ABa or MS whose descendants normally emanate the activating (counter inhibitory) signals in the network are ablated, muscle production in the MS or D lineages is suppressed by the D and C lineages, respectively (Schnabel, 1994 (Schnabel, , 1995 . It thus appears that the MS, E, C, and D lineages are specified by the means of cell autonomous processes, which in the case of the E blastomere require a signal establishing a polarity and in the cases of the MS and D lineage may be modified by cell-cell interactions.
The autonomous potentials of the P, derived blastomeres to express their terminal fates may depend generally on the function of the par genes which are involved in the specification of the initial polarity of the embryo (Kemphues et al., 1988b; Morton et al., 1992; Levitan et al., 1994) . Very recently it was shown that the gene par-l codes for a putative SerfThr kinase which shows some asymmetric distribution in the early embryo (Guo and Kemphues, 1995) . Concerning the specification of single somatic founder cells so far only one gene, skn-I, was identified which appears to be required to specify the fate of the EMS blastomere, the mother of the somatic founder cells MS and E (Bowerman et al., 1992 (Bowerman et al., , 1993 .
We describe here the phenotypes of 8 new mutations in a gene described earlier as mel-21 (Kemphues et al., 1988a) and mex-I (Mello et al., 1992) . The phenotypes of the mutations are consistent with the notion that some segregation of developmental potential occurs in the early C. elegans embryo. The phenotypes are, however, not consistent with a model put forward by Mello and coworkers (1992) which postulates that this gene is specifically involved in the segregation of a MS factor. The gene codes rather for a factor required for the specification of the fates of all blastomeres in the early embryo. Like for example the gene par-l it may be involved in establishing the general polarity of the early embryo. Detailed lineage analyses also reveal that the mutant embryos express hybrid lineages in which the fates of two different somatic founder cells are expressed in a mosaic pattern. This ob- time (minutes, at 25°C) servation challenges the general notion that the early determinary machinery of early embryos inevitably establishes cell fates in binary switches.
Results

I. Background
During an attempt to saturate chromosome II of C.
elegans for maternal effect embryonic lethal mutations (R. Schnabel and H. Schnabel, unpublished) , eight new mutations were isolated (tl107, t1142, t1143, t1153, t1200, t1223, t1254 , and t1276) which were alleles of mel-21, a gene previously defined only by the allele it9 (Kemphues et al., 1988a) . We chose the gene as potentially interesting since in embryos from mothers homozygous for the allele t1143 the blastomeres C, D and P4 underwent premature cleavages just before the onset of gastrulation ( Fig. lB) , which can be taken as evidence that these blastomeres are not specified properly in the mutant. A characterisation of muscle development showed that the number of body wall muscle cells is strongly reduced in this mutant. The mutation t1223 has been mapped 1.5 mU to the left of rol-6. The alleles t1223 and t1276 map under the deficiency mnDf87 (Sigurdson et al., 1984) . During the ongoing analysis of all mutations it Sulston et al., 1983) . The vertical axis indicates time of development at 25°C. In series of unequal divisions, the stem cell like P blastomeres produce the somatic founder cells AB, MS, E, C, D and the germ line precursor P4. The main tissues produced by the founder cells are shown under the lineage diagram. The progeny of the founder cells are named according to their position after cleavage (e.g. ABal is the left daughter of the anterior daughter of AB). (B) Embryos from mex-l mutant mothers already show lineage defects before the onset of gastrulation at the 2%cell stage (stippled line). Early lineage of the embryo ~14120 #I. The differential timing of cell divisions in the different lineages partially breaks down. (C) A graph analysing the developmental rate and the relative timing of the founder cell lineages in the early embryo. The abscissa shows the time of development after the first AB cleavage. The ordinate displays the cleavage events of the lineages. The graph is arranged so that the blastomere cleavages of wild-type embryos come to lie on a straight line, which crosses the cleavage event lines when the cleavages occur. Premature cleavages in mutant embryos lie above the wild-type line, delayed cleavages below the line. The squares representing the embryo 2~120 #I show that the AB lineage develops at the normal rate, however, the other founder cell lineages particularly the germ line precursors Pg and P4 cleave prematurely.
The dots representing the embryo r1143 #3 show generally the same pattern but the rate of development of the whole embryo is slowed down by a factor of 1 S when the cleavages are compared to the embryo zu120 #I. We used the AB-lineage to calculate the cleavage rates shown in Table 1 . Mutant embryos from the alleles t1107, 1142, t1223, t12.54, r1276 all showed a similar early cleavage pattern. In many embryos (e.g. ~~120, tZ107, r1223) the cleavage from two to four E descendants occurs at the same time as the corresponding cleavage of the MS lineage. This is usually regarded as an indication that the E lineage lost its normal fate (see Section 2; Goldstein, 1992 Goldstein, , 1995 . All observations were carried out at 25°C. The rate of development of mutant embryos at 25°C was calculated from the first 5-7 cleavage rounds of the AB lineage by comparing it to the AB lineage of normal embryos at the same temperature. See Fig. 1C for details. During the time lapse recording, the temperature of the stage and the objective of the microscope are controlled by a thermostat. The temperature control system was checked by placing a small temperature sensor between the coverslip and the immersed objective. The low light levels required for the recording do not cause a measurable temperature increase. A shutter closes the light beam for 20 out of 30 s between the recordings. In wild-type embryos a lowering of the temperature from 25 to 20°C causes a reduction of the developmental rate by a factor of 1.2.
turned out that some alleles resembled the phenotype described for mutations (~4120, ~~121 and ~~140) in the gene mex-Z (Mello et al., 1992) which was mapped to the right of rol-6 (Mello et al., 1992) . A genetic complementation test of the alleles tZ223, tZ200 and t1276 with the men-l allele ~4120 showed that these alleles failed to complement the embryonic lethality of 2~120 indicating that mex-Z (defined by the alleles 2~120, 2.~121 and 2~140) is identical to the gene mel-21 described earlier by Kemphues et al. (1988) leading to a total of 12 alleles. The analysis of the embryonic phenotype of the allele ~~120 by Mello and co-workers (1992) suggested that in embryos from mutant mothers the four AB descendants ABal, ABar, ABpl and ABpr all execute fates very similar to the fates normally produced by the blastomere MS which leads to the formation of additional pharyngeal and body wall muscles. During normal development only ABar and ABal produce pharyngeal muscles. The AB lineage normally produces only a single body wall muscle. They demonstrated by laser ablations that body wall muscle and pharyngeal muscles can be produced in lineages derived from all four AB descendants named above. Since the blastomeres MS, C and D also produced body wall muscles after these blastomeres were isolated by laser ablations, Mello and co-workers named the gene mex-1 for body wall muscle acess.
Mello and coworkers also observed that in mutant embryos the germline specific P-granules are not segregated properly in the blastomere P, and its descendants which can be taken as an indication that these embryos are deficient in the proper localisation of cellular components. Therefore they proposed a model in which the gene is specifically involved in the unequal distribution of a factor either specifying or regulating the identity of the MS blastomere. In the following analysis of mex-Z mutations we show that the gene functions in the specification of all blastomere fates in the early embryo. The phenotype compares to that of par-l mutants in the worm, suggesting a function in the same process of establishing the general asymmetries in the embryo. A comparison of the phenotype with those of mutants in the gene par-l suggests that the two genes have similar functions.
Mutant mex-Z embryos develop more slowly than normal embryos
Embryos derived from mothers mutant for many maternal effect genes (for convenience from now on called mutant embryos) develop more slowly than normal embryos at the same temperature (Schnabel and Schnabel, 1990; R. Schnabel and H. Schnabel, unpublished) . This is also true for embryos mutant in mex-Z, in particular for their AB lineage (Fig. 1) . The alleles itY and ~~120 develop normally, the alleles tZ276, tZZ42, 1254 and tZZ43 are by a factor of up to 1.6 slower than wild-type embryos at the same temperature (25°C). Embryos from mothers carrying an allele in trans to a deficiency, with the exception of tZZ43, develop even more slowly than those from mothers homozygous for an allele (Table 1 ).
Segregation of P-granules
The P-granules, cytoplasmic particles of unknown function are segregated in the early embryogenesis from Pa through the P cells into the germ line (Strome and Wood, 1983) . Before each cell division they accumulate Table 2 Analysis of the segregation of the P-granules in 10 alleles of mex-l and apar-l mutant 1 .oo
The table shows the fraction of one or two cell embryos which failed to segregate P-granules properly, i.e. they showed an even distribution of P-granules in Po or in AB and Pt at the posterior pole of the cell and thus end in the germ line. A lack of the segregation of the P-granules is generally taken as evidence that the proper distribution of cytoplasmic content is affected by the mutation being studied (Kemphues et al., 1988b) . We found that mutations in mex-I affect the segregation of the P-granules in Pa. Depending on the allele, between 10% and 90% of the zygotes do not segregate the P-granules (Table 2, Fig.  3 ). mex-1 thus already affects the segregation of cytoplasmic components in PO. As Mello and co-workers (1992) observed the granules are often segregated normally in the first cleavage but are then not segregated properly in the subsequent divisions of P, and its germ line descendants.
2.4. mex-1 embryos produce more pharyngeal and fewer muscle cells than wild-type embryos
Immunochemical
analysis of 5 alleles of mex-1 including 21~120 shows that mutant embryos produce an increased number of pharyngeal muscle cells. Wild-type embryos produce 21 pharyngeal muscle cells staining with the monoclonal antibody 3NB12 (Priess and Thomson, 1987) . Seven cells are derived from the AB lineage, 14 from the MS lineage. In mutant mex-I embryos on average 36 pharyngeal muscles are detected; however, the number is very variable; embryos contained as few as 3 and up to 53 staining cells (Table 3 , Fig. 3 ). Normal embryos produce 81 body wall muscle cells. By staining mex-1 mutant embryos with the monoclonal antibody NE8 4C6.3 (Goh and Bogaert, 1991 ; see also Schnabel, 1994) muscle cells (Table 3 , Fig. 3 ). We learned during our analyses that a few body wall muscle cells can span a large region of an embryo giving the impression that the embryo is full of muscle cells. The developmental stages of embryos have to be timed quite carefully so that the nuclei of the muscle cells can be still recognised and counted (Schnabel, 1995) . All analysed alleles are very similar concerning the number of pharyngeal and body wall muscles produced. The allele it9 (Kemphues et al., 1988a) which is, as discussed below, the weakest allele expresses the lowest amount of pharyngeal and body wall muscles, approximately 18 and 25 cells, respectively, are produced. As will be apparent later this may be due to the fact that this mutation eliminates the normal muscle production of the embryo from P1 derived lineages, without inducing ectopic body wall muscle in the AB lineage. The allele zuZ20 (Mello et al., 1992) produces 41 and 48 of the muscles, respectively, however, by many criteria this is also a weak allele. In trans to a deficiency the alleles zuI20, tl142, and t1143 produce a lower number of pharyngeal cells which suggests that none of these mutations defines the null phenotype (Table 3 ). The very weak allele it9 which still expresses normal AB fates (see below) appears to get stronger in trans to a deficiency, which is indicated by a higher expression of the pharyngeal fate. The stronger alleles which generally do not express an AB fate express less pharynx in trans to a deficiency. This could be interpreted that the expression of pharynx in the AB lineage is a phenomenon occurring at intermediate allelic strength. Mello and coworkers (1992) proposed that the 4 AB descendants in mex-Z mutants execute a fate 'very similar to that of the wild-type MS blastomere'. The embryos should then express five times the MS fate. One would therefore expect that mutant embryos should express 70 pharyngeal muscles (5 X 14) recognised by the antibody 3NB12 and 192 body wall muscles (5 x 28 + 32 + 20). As described above mutant mex-Z embryos express much lower numbers of these cells. These embryos express only approximately one to two equivalents of MS derived pharyngeal muscles in excess of the normal number, but produce much less than the normal number of body wall muscle cells. The lack of so many body wall muscle cells suggests that all of the blastomeres which normally produce body wall muscles produce far less than their normal numbers in mutant mex-I embryos. To be able to attribute the terminal fates to specific lineages and to investigate the differentiation patterns in the mutants further we analysed the embryonic lineages of mutant embryos using a time-lapse multi-focal plane recording system, the 4-D microscope (Hird and White, 1993) ; see also (Schnabel, 1991; Hutter and Schnabel, 1994) . This microscope allows analysis of the differentiation of the cells of an embryo by replaying a three-dimensional record in timelapse mode. Table 3 Immunochemical analysis of mex-I and par-l mutants Wild-type Pharynx muscles (21) Mean Extremes
Body wall muscles (81) Mean Extremes Pharyngeal muscle cells were stained with the antibody 3NBl2, body wall muscle cells with the antibody NE8 4C6.3 (Priess and Thomson, 1987; Goh and Bogeart. 1991; Schnabel, 1994) . The table shows the mean of counts f standard deviation. L and H are the lowest and highest count in the series. The number of embryos is indicated in parentheses. (a) Some embryos from zuZ2O/DjZ37 mothers contain a large amount of abnormal extremely small pharyngeal cells. These embryos were not counted. (b) The next highest count was 52 body wall muscles. Where numbers between homozygous and hemizygous mutants are compared the probability (P) that both distributions are only different by chance was calculated using Student's t-test.
mex-1 affects the timing and asymmetries of early cell divisions
Embryos from mex-I mutant mothers show lineage alterations already before the onset of gastrulation. The MS, E, C, D and P4 lineages cleave prematurely compared to the AB lineage, thus the differential timing of cell divisions partially disappears (Fig. 1 ). The cell lineage becomes less asymmetric, a feature reminiscent of the par genes where cell divisions are essentially synchronous (Kemphues et al., 1988b ). The mutations not only affect the timing of the divisions but also the asymmetry of the unequal divisions of the P cells. In 5 out of the 34 recorded embryos (see below) the P2 blastomere cleaved symmetrically (one embryb from each of the alleles it9, ~~120, tl143 and one embryo each from hemizygous mothers of the genotype t1142/Dj89 and t1243/Df89). Two further embryos mutant in the allele t1254 executed an equal P1 division (Fig. 2 ). As will be discussed later equal cleavages of the P cells are typical for mutants in the par genes (Kemphues et al., 1988b ).
Analysis of terminal fates
The embryonic lineage of C. elegans is completely known which allows comparison of mutant lineages with the wild-type lineage (Sulston et al., 1983) . We analysed lineages of embryos from mothers homozygous for 6 alleles of mex-1 and also from mothers hemizygous for those alleles to score the effect of a possible reduction of gene dose in trans to a deficiency. Our conclusions are based on lineage analyses in 34 embryos, three embryos each from mothers either homozygous (t1142 6 embryos) or hemizygous (not t1254 and only one for t1142) for the alleles it9, ~~120, t1142, 1143, t1254 , and t1276. We show here lineages from 6 embryos we consider to be 'typical' considering all embryos. The fates of the different blastomeres in all embryos are summarised in Table 4 .
The AB lineage
The AB lineage forms most of the hypodermis, the nervous system and the anterior half of the pharynx. This lineage is specified by at least five inductions, two specifying the anterior-posterior polarity of the lineage and three inducing the left-right differences in the lineage Schnabel, 1994, 1995a,b; Mango et al., 1994; Mello et al., 1994; Moskowitz et al., 1994) . Our lineage analyses of mex-1 mutant embryos showed that the AB lineage of all mutants is aberrant. However, the new lineage pattern is in some cases not completely random. In approximately one-sixth each of the AB derived terminally differentiated cells, we scored fates to be either pharyngeal or body wall muscle. Normally only the lineages ABara and ABalp produce pharynx and the AB lineage produces a single body wall muscle (ABprpppppaa).
Mello and co-workers (1992) explained this expression of pharynx and body wall muscle in the AB lineage with a multiple execution of MS fates in this lineage. They observed that in zu120 embryos the four ABxxp blastomeres executed new lineage patterns almost perfectly matching those from the corresponding lineage MSp. They used mostly the appearance of the first cell death in the embryo, which occurs in the MS lineage in the position MSpaapp in equivalent positions in the AB lineage for example in ABalpaapp as an indication of a transformation of an AB lineage into a MS-like lineage. In 17 out Table 4 Summary of the lineage analyses of mex-l embryos The numbers correspond to the lineages of 28 lineaged embryos. The data from the weak allele it9 are not included. The numbers of analysed lineages vary since some lineages were or could not be lineaged. The phenotypes of the different alleles showed no significant differences as also revealed by the immunochemical analysis. (A) Occurrence of the MS-specific cell death MSpaapp in the AB lineage of mutant embryos.
(B) Differentiation of the Pt derived lineages in mex-l embryos. In the MS lineage we scored 426 terminal fates 84 of which were normal (34 of these were cell deaths). (a) In the terminal lineages of three embryos some pharynx or body wall muscle was scored. (b) In three embryos some pharynx or body wall muscle was scored. (c) In two embryos some pharynx and body wall muscle was scored. In the embryos scored as normal only the cell deaths were scored. In the other founder cells all descendants of the listed blastomeres were scored. m/m refers to embryos from mutant mothers homozygous for the alleles zu120 (3). t1142 (6) . r1243 (3). t1276 (3) and t1254 (3). m/Df corresponds to embryos from mothers carrying the alleles zuJ20 (3). tl142 (I), t1243 (3). t1276 (3) in tram to the deficiency mnDfB9. Time lapse recorded embryos were analysed by following the lineages until terminal fates of the cells could be evaluated at stages corresponding to more than 400 min of normal development (Sulston et al., 1983) . The wild-type fates are indicated at the top, the fates expected if the 4-AB cells ABar, ABal, ABpr and ABpl were transformed to adopt MS-like fates are shown at the bottom of the table. Differentiation patterns corresponding to a MS fate are emphasised by a shaded background. The 4-D microscope allows us to score the occurrence of a mitosis (M), cell death (D), hypodermal cell (H), pharyngeal cell (P), intestine (E) and body wall muscle (U). (?) A question mark indicates that the corresponding lineage could not be resolved. Coelomocytes (C) and the two somatic germline precursors (2) of the MS lineage were only scored when the corresponding cells clearly differentiated into an abnormal fate or the mitosis of the precursor of the coelomocytes occurred very prematurely (Sulston et al., 1983) . Most of the criteria for scoring cell fates have been described before (Schnabel, 1991; Hutter and Schnabel, 1994) . We scored a pharyngeal fate when cells entered a cluster of pharyngeal cells. Body wall muscle was scored when cells showed the typical spindle form and/or other features of body wall muscles extensively studied in normal embryos. Isolated muscles are difficult to score. The comparison of the lineage results with the immunochemical counts, however, shows that both methods yield very similar results. For example in the embryo 11276 #2 (Table 6 ) we scored 27 body wall muscles in the AB lineage. Later we found in isolated AB lineages that these express about 22 body wall muscle cells t 'idvIe 9). The fates depicted in the table refer to the fates after the 9th cleavage round of the embryo (Sulston et al., 1983) . This is the level where the first round of cell deaths and the differentiation of the hypodermis occur. Fates scored after the 8th cleavage round thus are indicated by spanning two columns, those after the 7th round spanning four columns. Pharyngeal and body wall muscle differentiation occurs after the 10th cleavage round; this is indicated in a bold font. If a normal P or U is compared to a bold P or U we scored that a cell corresponding to the 9th cleavage round entered a pharyngeal cluster or showed muscle differentiation, however, we did not score or were not able to score the 10th mitosis. (A) Aberrant: the fate we observed did not show any of the features typical for the fates we usually were able to score including body wall muscle and pharynx. An A also indicates that an expected mitosis did not occur. We consider the fate of a cell which normally does not divide any more but which divides in mutant development to have an aberrant fate. M for mitosis compared to any other fate thus indicates an aberrant fate. In contrast, M compared to M in normal development does not imply that the terminal fates were normal, because most terminal fates of the nervous system cannot be scored using the 4-D microscope.
of 18 analysed lineages they observed a cell death. We sampled the appropriate lineages for the presence of a cell death corresponding to the cell death MSpaapp described above in three embryos each from mothers either homozygous or hemizygous (not tI254 and only one for t1142) for the alleles 2~120, t1142, 1143, t1254, and t1276. In one-third (37 of 101, in 2~120 3 of 9) of the appropriate AB lineages (ABalp, ABarp, ABplp and ABprp) we scored a cell death. However, as can be seen in sections of the AB lineage from the 6 embryos (always referred to) shown in Table 5 and in the complete AB lineages of two of these embryos ( Table 5 the embryo labelled t1276 #2 shows the opposite transformation.
The ABprpaa lineage executes the pattern expected for ABpraaa (see Table 6 for fate allocations) if the ABpr lineage was transformed to execute a MS fate. Seven examples of aberrant polarity can be seen also in Table 6 . These examples demonstrate that the general anterior-posterior polarity of the lineages is not retained in mex-I mutants. Lineage patterns corresponding to a partial MS transformation may be expressed in wrong positions of the lineage tree. The detailed lineage patterns are not very well conserved; there is a tendency to express a single fate in a given lineage branch. Lineage transformations occur more frequently in the anterior branches of the lineages. The patterns corresponding to MSaa or MSpa occur more frequently than transformations corresponding to more posterior lineages. Usually the posterior lineages are mostly aberrant. Despite other phenotypic differences of homozygous and hemizygous mutations we did not see any significant differences in the terminal differentiation of mutant embryos (Tables 3-S) .
It appears that the production of cell death is the most robust feature of the AB and MS fates. In some of the Table 6 The complete AB lineages of two mex-I and two par-l embryos For the assignment of cell fates see legend to Table 5 . The table is colour coded to facilitate the recognition of patterns. Anterior lineages corresponding to ABxxa-derived lineages have a white, posterior lineages (ABxxp-derived lineages) a grey background. Fates which correspond to an AB-like fate are coded yellow. The fate of the two daughters of ABaraaaapa is shown in more detail than those of their sisters to demonstrate how well the normal ABaraaaa pattern is conserved in this embryo whereas ABaraaap expresses a MS-like fate. Blocks of MS fates are also colour coded. Thus for example a red colour in a grey background indicated that the normal anterior-posterior polarity of cell fates was not retained. We considered a differentiation pattern only to be truly MS-like when more pattern features than just the mere expression of a terminal fate corresponding to MS occurred. 
We scored the differentiation of the MS lineages using the 6 cell deaths in the lineage indicated at the top of the table. Assignment of cell fates as in Table 5 . (a) In this embryo the MS lineage showed a differentiation pattern normally expressed in the C lineage.
posterior lineages ABxxxp only cell deaths in positions which correspond to cell deaths in the MS lineage are observed, whereas the remainder of the lineages are aberrant with respect to an AB or MS fate (data not shown, Tables 6 and 7) .
We also investigated whether the mutant phenotype is temperature dependent by comparing the differentiation of the AB lineage in the allele tZ142 at 20°C and 25°C. The occurrence of MS-like cell deaths (listed in Table 7) in the AB lineage does not differ significantly at the two temperatures. At 20°C 18 out of 44 and at 25°C 21 out of 39 of the analysed lineages expressed a cell death.
AB blastomeres execute hybrid lineages
The normal AB lineage produces 13 early very characteristic programmed cell deaths. In several embryos we still scored these cell deaths in lineages where other parts showed patterns of differentiation resembling a MS fate. Examples for such hybrid lineages can be seen in the lineages ABalaa, ABalpp and ABarpa in the embryo 2~120 #I in Table 6 . The patterns of differentiation somehow look as if the normal fate of the corresponding AB lineage still shines through. A clearly hybrid lineage Table 8 was also executed by the embryo t1276 #2 in Table 6 . The ABar lineage, which could possibly represent a complete MS lineage, shows differentiation patterns in ABaraa which resemble the normal lineage of this blastomere. The more posterior lineage ABarap, which should according to its anterior-posterior position be equivalent to MSap, shows a differentiation pattern which is still very similar to the normal pattern, but also very closely resembles the pattern of differentiation normally executed by MSaa. This pattern of differentiation also supplies a further example for the phenomenon already discussed above, which is the failure to retain the normal lineage polarity. However, the lineage ABarpa executes a differentiation pattern very reminiscent of the MSpa pattern of differentiation which is expected if the lineage polarity is normal. It appears that the blastomere ABar of this embryo executes both differentiation potentials of the AB and the MS lineage. It is a puzzling question how this may occur.
AB derived blastomeres execute an intestinal fate
In normal embryos the intestine is derived from the founder cell E. In two out of three embryos each derived The terminal differentiation of the E, C, and D lineages of mex-1 and par-l embryos 
The lineages correspond to the four descendants of the lineages indicated at the top of the Tables 5  and 8 ). In the embryo labelled t1143 /Df #3 the E blastomere did not produce intestinal cells but the blastomere ABp! produced cells with an intestinal appearance. Some of the lineages arrested development prematurely but nevertheless the cells showed a!! characteristics of intestinal cells for example they developed the birefringent gut granules. In two embryos derived from mothers hemizygous for ~~120 the ABp! lineage showed some indications reminiscent of a MS fate whereas the ABpr lineage showed an intestinal transformation (data not shown). This phenotype suggests that mutations in mex-J may cause fate transformation on the level of the EMS blastomere.
The PI derived lineages
In mutant embryos from a!! alleles the MS lineage was aberrant when lineages were analysed in embryos from either homozygous or hemizygous mothers. In Table 7 we list the fates of 6 programmed cell deaths in the 6 mutant embryos from Table 5 . Only in one embryo from the allele t1276 were a!! cell deaths scored. The expressivity of MS-like fates in the mutants is the same as in the AB lineage in the mutant embryos. In the AB lineage we checked 579 terminal lineages for the presence of the MS-derived cell deaths listed in Table 7 ; in 192 positions (33%) we scored a cell death. In the MS lineages we scored a cell death in 41 (29%) out of 143 positions. Out of the 29 embryos where we also analysed other lineages than just the cell death, 6 expressed some pharyngea! and/or body wall muscle cells, however, most lineages still developed aberrantly.
As already observed before (Mello et a!., 1992 ) the differentiation of intestine is affected in mutant men-l embryos. In approximately half of the embryos blastomeres of the E lineage undergo additional mitoses and the terminally differentiated cells show no characteristics of intestinal cells (Tables 4 and 8 ). However, as discussed above the AB lineage occasionally produces intestinal cells.
Both major tissues derived from the blastomere C, hypodermis and muscle, do not differentiate properly in two-thirds of the mutant embryos. Many cells undergo additional cleavages, however we also observed the opposite, namely premature cleavage arrest (Tables 4 and   8 ).
The somatic founder cell D produces only body wall muscle in normal development. In embryos from mutant mex-I mothers many of the D derived muscle precursors underwent supernumerary divisions, an indication that these cells are not specified properly. In a few cases the lineage appeared normal but cells did not display characteristics of body wall muscle cells (Tables 4 and 8) .
As already observed before (Mello et a!., 1992) mutations in mex-1 affect the germ line of the embryo. In norma! development only two germline precursors, 22 and 23, are formed. In embryos mutant for all analysed alleles including the weak allele it9 these cells underwent supernumerary division rounds (data not shown).
The phenotype of the weak allele it9
In embryos from mothers either homozygous or hemizygous for the weakest allele it9 many AB descendants still executed a pattern of early cell deaths typical for ABa descendants also in ABp derived lineages. Three embryos executed small patches of a MS-like fate in lineages derived from ABp. There was no indication that ABp derived fates were still expressed in these embryos. This can be taken as evidence that the induction specifying the difference between ABa and ABp was missing in these embryos (Hutter and Schnabel, 1994; Mango et al., 1994; Moskowitz et a!., 1994 ) (data not shown). We consider this allele to be the weakest since the AB lineage still executed normal fates.
In the analysed embryos only the C and E blastomeres showed a normal lineage, a!! other founder cells showed an aberrant development. The D blastomeres in two embryos out of six embryos appeared normal when four muscle lineages were scored (Daa, data not shown). The very low number of body wall muscles, approximately 25, scored in it9 embryos shows that most body wall muscles are not specified properly in this mutant. We also observed embryos expressing only a few pharyngea! muscles which shows that both the AB and the MS lineages were aberrant in these embryos, but no transformation of AB lineages to execute MS-like fates occurred (Table   3) .
Mutants in mex-I affect founder cells autonomously
Our immunochemica! and lineage analyses of embryos derived from mothers homozygous or hemizygous for 5 alleles of mex-1 showed that in embryos derived from a!! mutations the somatic founder cells AB, MS, C and D develop aberrantly. Mello and co-workers (1992) , however, came to the conclusion that the blastomeres MS, C and D develop normally. Their conclusion was based on the observation that single founder cells which were isolated by ablating a!! other blastomeres in the embryos expressed the immunochemica! markers used to asses the differentiation of tissues. In these experiments the number of cells expressing the markers was not quantified, the mere presence of a marker was taken as evidence for the proper specification of a tissue and thus for a normal development of a founder cell. Our analysis of body wall muscle differentiation
in mex-1 mutants shows that the 
(4) LO HI LO H51
(A) Blastomeres were isolated by ablating all other blastomeres in the embryo with a laser microbeam. For details see legend to Table 3 and Schnabel (1994) . Control refers to untreated mex-I embryos which remained on the microscope slides where the ablations were carried out. (a) Numbers taken from Schnabel (1994 Schnabel ( , 1995 
. Body wall muscle differentiation in tbe MS and D lineages is inhibited by cell-cell interactions in the early embryo (in MS by D and in D by C) and this inhibition is overcome by induction from other blastomeres (in MS by ABa and in D by MS)
. We do not know whether these interactions still occur in mex-I embryos. Since 7 out of the 16 mex-1 embryos with an isolated Pt blastomere expressed less than the 20 muscle cells, the number normally produced by D, it appears probable that also the D blastomere is affected autonomously.
(B) Body wall muscle differentiation in the AB lineage of embryos mutant in par genes. AB blastomeres were isolated by either ablating PI, or EMS and P2. Mutants in the genes par-2 or par-3 also express body wall muscle in the AB lineage. In the alleles it5 of par-2 and hc57 of par-4 Po always cleaved unequally. The temperature sensitive allele it.5 is leaky at 25°C. about 50% of the embryos appear to be normal. Here we list only embryos which produced more than one muscle after an AB isolation. par-3 (it6.2) embryos cleaved either equally or unequally. In the three embryos with an equal division we ablated always the blastomere distal to the polar bodies which are normally located at the anterior of the egg. In the two embryos with an unequal division EMS and P2 could be clearly identified. Most of the par-4 (hc57) embryos do not express body wall muscle. embryos express much less than the 8 1 body wall muscles produced by wild-type embryos, sometimes even less than 20, which by itself suggests that all founder cells which normally produce muscle do not produce their full equivalent in mutant embryos. To be able to assign the expressed body wall muscles more specifically to the somatic founder cells we isolated the AB, Pi, EMS or P2 lineages by ablating all other blastomeres in the embryo. As shown in Table 9 the isolated blastomeres produce body wall muscles in the two alleles 2~120 and tZ276 used in the isolation experiments. However the low expression of body wall muscles after isolation of either Pi, P2 or EMS corroborates our conclusion that the MS, C and D blastomeres do not develop normally also in ablated embryos. The number of body wall muscles expressed in embryos with isolated AB blastomeres shows that these blastomeres express much less muscles (between 0 and 54) than expected for a complete transformation of all four AB descendants into MS blastomeres, where 112 muscles would be expected (Table 9) .
It was shown recently that body wall muscle specification in the MS and D lineages, which occurs autonomously when blastomeres are isolated, nevertheless requires inductions in the normal embryo which counteract inhibitory signals (Schnabel, 1994 (Schnabel, , 1995 . It is therefore not possible to judge the phenotype of mutant embryos solely on the basis of ablation experiments. We cannot exclude that an aberration of the cell-cell interactions modulating the expression of body wall muscles causes the low expression of this fate in the MS, and D lineages. In the case of the MS lineage the failure to produce body wall muscle appears to be clearly autonomous since an isolation of EMS does not restore normal body wall muscle production (Table 9 ). The elimination in mex-1 mutants of the pharynx fate in the MS and that of hypodermis and muscle in the C lineages, fates which appear to be expressed autonomously in these lineages in wild-type embryos (Schnabel, 1993 , suggests that mutations in this gene affect these lineages autonomously (see also legend to Table 9 ).
The phenotype of mex-1 and par mutants
The general expression of too many pharyngeal cells and too few body wall muscles is reminiscent of the phenotype of mutants in the gene par-l (Table 3 ; Kemphues et al., 1988b) . As discussed above, the alleles of par-l fail to segregate the P-granules already in the first division of the zygote Pa and the P cells undergo equal instead of unequal divisions (Kemphues et al., 1988b) . Mutants in both genes also lose the specification of the founder cells derived from Pi. Embryos derived from b274, a strong allele of par-l, do not execute any recognisable lineage pattern. The embryos show almost synchronous patterns of mitoses (Table 6 ). Nevertheless the immunological analysis showed that these embryos still produce cells expressing pharyngeal and body wall muscle markers in approximately the same numbers as mutants in mex-1. It appears that these fates are very robust and can be expressed in the absence of any normal lineage pattern. During the analysis of a weaker allele of par-l (t2051) isolated in our laboratory (R. Feichtinger, H. Schnabel and R. Schnabel, unpublished) we learned that the AB lineage of this mutant very strongly resembles that of mex-1 mutants.
The lineage of the embryo par-l (t2051), where in contrast to 6274 PO still underwent an unequal division was aberrant. None of the Pi derived lineages executed any of the normal fates (Tables 7 and 8 ). However the AB lineage of this embryo is very similar to that of mex-1 embryos, As in mex-1 embryos the most robust lineage pattern is that corresponding to the MSpaa lineage which includes the cell death MSpaapp. This embryo showed a strong tendency to express pharynx, however, we never scored body wall muscles in the AB lineage of this embryo (Table 6 ). The immunochemical analysis of this allele showed that the expression of pharyngeal and body wall muscles is very similar to that in mex-1 alleles, however the variability is higher than in the mex-1 alleles. In both par-l alleles we counted the lowest and highest numbers of pharyngeal and body wall muscles. In two embryos from t2051 we counted 137 or 133 body wall muscles, the only embryos with a significant muscle excess we encountered in this study (Table 3) .
To investigate whether the expression of 'MS' like fates is a more common phenomenon we also looked at other par genes. Embryos from mothers mutant in the genes par-2 (it.5) or par-3 (it62) have a terminal phenotype which is very similar to that of mex-1 mutant embryos. The embryos have much larger clusters of pharyngeal cells than wild-type embryos. Isolated AB blastomeres express body wall muscle cells as do those from mutant mex-1 and par-l embryos (Table 9B ). The expression of MS-like fates appears to be a more common phenomenon in mutants of genes required for the establishment of polarity in the early embryo. The phenotype of mutants in par-4 (hc57) is different from the other par genes. Most of the mutant embryos express no body wall muscle at all (Table 9B ; Kemphues et al., 1988b) .
Discussion
Embryos derived from mothers mutant in the gene mex-1 develop in an aberrant manner. First lineage defects are already observed in a partial breakdown of differential cleavage timing before the onset of gastrulation. The most striking aberration is the execution of equal instead of unequal cleavages of the Pi and P2 blastomeres. Embryos express too many pharynx cells, but a very low number of body wall muscles. Extensive lineage analyses with the 4-D microscope show that all lineages are affected by the mutations. We observed only very incomplete lineage transformations. The lack of P-granule segregation already in the zygote Pa suggests that the gene product is already required before the first cleavage of the embryo.
What is the null phenotype of mex-I?
In some aspects of their development the available alleles of mex-1 form an allelic series. Considering the general rate of development and the segregation of Pgranules the alleles it9 and ~~120 are weak alleles since they develop with the wild-type rate and mostly segregate the P-granules in Pa. All other alleles whose rate of development was analysed develop more slowly than normal embryos. In trans to a deficiency all alleles with the exception of tl143 develop even more slowly which suggests that most alleles have residual activity. This is also observed when the expression of pharyngeal muscle is assessed. The allele zu120 which could be classified as weak as well as the alleles tl142 and tl143 which could be classified as strong by the above criteria all produce less pharyngeal muscle when the mother was hemizygous. Two alleles zul20 and tl143 which appear to be very different by their rate of development and their capability to segregate the P-granules in Pa both produce intestinal cells if the mother was hemizygous, which we did not observe in other alleles. Except for this we could not see significant differences among the different alleles (except it9) during our lineage analyses. It appears that the different defects caused by the mutations do not correlate in a straightforward fashion. A possible explanation for these observations is that the gene is involved in several functions in the early embryo which are reflected in different domains of the protein and/or that the different functions have different thresholds for the required activity. Since also the alleles tl142 and tl143 which we consider to be strong change in trans to a deficiency, it is very possible that none of the alleles reflects the null phenotype. It cannot be excluded that null alleles would suppress all the differentiation in the embryo.
PI derived lineages
The immunochemical and lineage analyses show that all P, derived lineages develop abnormally. In most cases we could not recognise any new pattern of differentiation which would indicate that discrete lineage transformations occur in the P, derived lineages. Only in one embryo t1143 #2 (Table 7) the MS lineage showed a differentiation pattern normally characteristic for the C lineage. We consider this as a spurious event, since the fate of the C blastomere itself is in most cases eliminated in the mutant embryos.
Our finding that all Pi derived lineages are defective in mex-I embryos contrasts the earlier report of Mello and co-workers (1992) that the blastomeres MS, C and D produce their different cell types normally (Fig. 3 in Mello et al. (1992) ). Their conclusion was based on the finding that isolated blastomeres were able to express tissue specific markers, but no quantitative analysis was done. Our more detailed lineage and immunochemical analyses show that all Pi derived blastomeres develop aberrantly. Nevertheless we also found that isolated lineages may express the expected tissue markers (Table 9) . A quantitative analysis, however, showed that most embryos express a much lower number of cells than wild-type embryos, which indicates that these blastomeres do not develop normally.
It is interesting to note that the C and D lineages never displayed any features of a MS-like fate. This suggests that some polarity in cell fates is still retained in mutant embryos which either prevents the expression of a putative MS factor (Mello et al., 1992) in these blastomeres or which assures that such a factor, if it exists, is not segregated into C or D as in wild-type embryos.
The AB lineage
The AB lineage develops aberrantly. Mello et al. (1992) reported that the four AB descendants are each transformed to execute a fate very similar to that of the MS blastomere. The extensive lineage analyses shown here suggest that the AB lineage indeed expresses some MS-like fates. However, the expression of this fate is very incomplete and mostly restricted to small terminal lineage branches. There is a genera1 preference to express the pharyngeal fate, which is also seen in the immunochemical analysis. Embryos express approximately the same numbers of pharynx and body wall muscle cells (-36 and -40) . In terms of MS equivalents (Table 9) , this corresponds to 2.5 times the 14 pharyngeal cells expressed by MS versus 1.4 times the 28 body wall muscles expressed by MS. If the P, derived blastomeres still residually contribute to both tissues the expressivity of the MS fate in the AB lineage is even lower. Pi ablated t1276 embryos express on average only roughly one MS equivalent of body wall muscle and ~~4120 embryos 1.4 equivalents.
According to Mello and coworkers the AB lineage should express 4 equivalents of MS-like fates. Our lineage analyses show that the pharyngeal fate is strongly overexpressed in posterior AB lineages where normally in the MS lineage only body wall muscles are produced.
It appears that mutant embryos express MS-like patterns rather stochastically and that the normal polarity is not generally retained in both the early cleavages and also in the fates executed in the AR lineage. The observed lineage patterns show that in most of the embryos the observed transformations do not correspond to a complete transformation of the AB descendants on the level of four AB cells. It rather appears that a transformation may be manifested at any random level of the lineage. The general significance of this phenomenon is discussed below.
The expression of both MS derived and E derived fates in the ABp lineage of mex-I embryos which corresponds to a lineage transformation on the level of the EMS blastomere shows that the loss of gene activity may cause lineage transformations even before the 4-AB cell stage.
mex-I and par-l may have similar functions
The terminal phenotypes of a weak allele of par-l, t2051, and those of the mex-I alleles analysed here are very similar. The mutations cause an abolishment of the specification of all lineages. The AB lineage shows the expression of MS-derived fates in a rather chaotic manner. It is therefore probable that both genes act early in the establishment of the initial polarity of the embryo. In 7 out of 34 mex-I embryos we observed that Pi or P2 cells underwent equal instead of unequal divisions which is typical for the gene par-l. Since we do not know whether any of the alleles defines the null phenotype of mex-I, it is not clear whether null alleles would always cause equal divisions of the P cells. Also in par-l mutants this is clearly dosage dependent. In the weak allele t2051 Pa cleaves also unequally, whereas in the strong allele b274 PO cleaves equally. The expression of MS-like fates is not restricted to par-l, also mutants in par-2 and par-3 express MS-like fates in the AB lineage which shows that this is a more common phenomenon not specific to mex-1.
mex-I and blastomere identity
Two observations suggest that the normal function of mex-1 is not to suppress the execution of MS blastomere identity in the AB lineage on the level of the 4-AB descendants. First: the MS-like fates were only found occasionally and rather randomly in various parts of the AB lineage and often not with the normal polarity. The observed lineage alterations do not correspond to a MS blastomere identity. It is an intriguing question if these transformation patterns really reflect a transformation of AB descendants to a MS-like identity or if these patterns of differentiation just reflect some default fate underlying the AB lineage which becomes visible when the normal fate is not established. Second, if one still accepts that the observed partial transformations may reflect transformations on the level of blastomere identity, the observed partial transformations of ABp into EMS suggest that the gene acts on the level of the 4-cell stage. The analysis of mutants in the genes par-l and par-3 which are also involved in the establishment of the initial polarity of the embryo showed that in these mutants MS-like characteristics are also observed in the AB lineage. This feature is therefore not specific to mutants in mex-1 but is a more general phenomenon. The rather fractal identities observed in mex-1 contrast the complete transformations on the level of whole blastomeres observed in mutants of the gene glp-I, or after laser manipulations Schnabel, 1994, 1995b; Moskowitz et al., 1994 ).
What is thefunction of mex-I ?
The phenotype of par-l mutants was interpreted to be consistent with a function of this gene during the localisation of cytoplasmic factors in the early embryo which are possibly also involved in the specification of cell fates (Kemphues et al., 1988b) . It was reported recently that the gene codes for a putative SerfThr kinase which is already expressed in the oocyte. The gene product appears to be expressed in all cells of the early embryo, however there is some localisation to the posterior of the P cells which occurs in parallel to the P-granule segregation. The authors propose that the gene is involved in the modification of the posterior cytoskeleton, since a related kinase may have a function during the establishment of asymmetric cell divisions in yeast (Guo and Kemphues, 1995) . The significant phenotypic similarities among mutants in the genes par-l and mex-I suggest that the genes may have a similar function. A common theme is the loss of several aspects of development reflecting the polarity of the early embryo. Therefore it is possible that both genes act together in the same pathway either establishing or reading the polarity in the early embryo.
Specification of lineages
Generally embryonic development is seen as a continuos restriction of the developmental potential of cells until the terminal fate is determined. This may be achieved by a cascade of gene regulatory events which inevitably restrict (in binary switches) lineages or cells to a distinguished fate (Blau, 1988; Lewin, 1990) . It was reported that multipotent lineages will only express one of the potential fates (Cowan and McIntosh, 1985) . The extensive lineage analysis shown here suggests that terminal lineages may show fates in a pepper and salt manner. Two phenomena were observed. Lineages execute blocks of different sizes all belonging to the terminal fates of a single founder cell in this case the MS blastomere. However, these lineage units are found in a rather arbitrary pattern in a background of other lineage patterns whose identity we could not identify. This shows that early blastomeres do not necessarily establish an identity which then is expressed as a module, but that only parts of the general identity can be expressed as units in a rather chaotic pattern. The second phenomenon is the execution of hybrid lineages executing the patterns of two different founder cells. Terminal fates corresponding to the normal wild-type fate of a blastomere coexist with fates normally specific for another somatic founder cell. Here we observed that lineages execute remainders of an AB fate together with MS-like fates. Taken together these observations suggest that at least in mutant situations early blastomeres do not inevitably channel into a discrete determinatory state representing only one of the possible somatic founder cells, e.g. AB, but can retain very different developmental potentials normally only present in different somatic founder blastomeres, e.g. AB or MS. Thus basically different differentiation potentials must coexist through several generations of cells until finally either of the different founder cell fates is executed within only one founder cell lineage.
These observations are not compatible with the view that fates are specified inevitably in a cascade of binary switches which in each step are channelled into a discrete decision between two alternative states but they show that blastomeres may stay multipotent for several generations of development. Normally unrelated fates can coexist in lineages. The phenomenon that developmental decisions may not always be discrete, i.e. complete, was also observed earlier during the analysis of inductions in the early C. elegans embryo. It appears that blastomeres whose fate is normally switched from one fate to another can be partially induced to execute a mixture of the alternative fates. Partial inductions were observed in the AB lineage but also in the MS and D lineages when the inducing blastomeres were inactivated very shortly before or during the induction (Hutter and Schnabel, 1994; Schnabel, 1994 Schnabel, , 1995 . This demonstrates that also blastomeres in wild-type embryos are not channelled inevitably into specific fates. Therefore it appears at least for C. elegans that determinatory steps are not designed in a way which necessarily ensures binary switches in a cascade of gene regulatory events.
Experimental procedures
All methods have been published before (Wood, 1988; Schnabel, 1991; Hutter and Schnabel, 1994) . Some details are mentioned in the appropriate legends.
General methods of culture, handling and crossing were as described before (Wood, 1988) . Some nematode strains used in this study were provided by the Caeno-rhabditis Genetics Center, which is funded by the NIH National Center for Research Resources (NCRR).
I. Strains
The following genes and alleles were used in this study: mnCI dpy-IO(eI28) unc-52(e444)II (Herman, 1978) ; dpy-2(e8)II; him-3(eII47)IV; mnDj87 II and mnDj89 II (Sigurdson et al., 1984) , which were linked to dpy-2(e8) by recombination; unc-4(eI20) mel-2I(it9)II (Kemphues et al., 1988a) ; unc-4(e120) mex-I(zuI20) /mnCI/II, him-5(eI490) V (Mello et al., 1992) ; him-9(eI487)II, unc-24(eI38)IV, dpy-II(e224)V, nTI(IV;V) (Ferguson and Horvitz, 1985) , with an additional lethal mutation m43.5; itDj2 V, par-I(b274)V.
Isolation of new men-l alleles
The 8 new mex-I alleles were isolated in a screen for non-conditional maternal-effect embryonic lethal mutations on chromosome II (R. Schnabel, H. Schnabel and R. Feichtinger, unpublished) .
Briefly, 27 400 strains of the genotype mnCI/dpy-2; him-3 were screened after standard mutagenesis conditions using 50 mM EMS for 4 h (Brenner, 1974) . All mutations were outcrossed twice against the balancer strain and mapped to mnDf89. The alleles tI107, tI142, tI143, tII53 and t1200 failed to complement each other. In addition, tI107 failed to complement t1223 and t1276 and finally t1254 failed to complement 11142, tI143 and t1223. By a complementation test to known maternal mutations in this region (Kemphues et al., 1988a ) tI107 failed to complement meL2I(it9). Because of phenotypic similarities (see Section 2.1) men-I(zuI20) was tested for complementation and failed to complement t1200, t1223 and t1276, although it was originally reported to be mapped to the right of rol-6 (Mello et al., 1992) . New map data of Bruce Draper and our original map data are consistent now and available from the C. elegans community via the electronically published database ACEDB (R. Durbin and J. Thierry-Mieg, unpublished).
Isolation of new par-l alleles
Two new par-I alteles were isolated in a screen for maternal-effect embryonic lethal mutations on chromosomes IV and V (R. Feichtinger, H. Schnabel and R. Schnabel, unpublished) .
A total of 14 700 mutagenised strains of the genotype him-9; unc-24/nTI; dpy-II/nTI were screened. The alleles t2049 and t205I were isolated after 5 h of EMS treatment, outcrossed once, mapped under itDf2 and failed to complement. t20.51 failed to complement par-I(b274).
